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In community surveys of hypertension control
the diagnosis is often based on blood pressure
measurements taken on only one visit. The
clinical diagnosis of hypertension requires de-
monstration of sustained blood pressure eleva-
tion. We conducted a survey that contrasted the
results of these two approaches to determining
the prevalence of hypertension and the extent to
which hypertension is detected and treated. A
multistage random sample of 2737 people was
selected, examined and interviewed on up to
three occasions. Rates of hypertension preva-
lence and control were computed from data from
one, two and three visits. The prevalence of
hypertension was overestimated by 30% when
the diagnosis was based on data from one rather
than three visits, the rates being 149 and
115/1000. The prevalence of undetected hyper-
tension was overestimated by 350%, the rates
being 27 and 6/1000. The proportion of subjects
with controlled hypertension was underestimat-
ed by 23%, at 56%, compared with 73%. These
results confirm the need for follow-up measure-
ments to provide a valid assessment of hyper-
tension control in the community.
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Dans le cadre des enquetes de depistage de
l'hypertension dans la communaute, le diagnos-
tic est souvent fonde sur des mesures de tension
arterielle qui n'ont ete prises qu"a l'occasion
d'une seule visite. Par contre, dans le cas du
diagnostic clinique de l'hypertension, il faut
demontrer une elevation soutenue de la tension
arterielle. Nous avons compare les resultats de
ces deux methodes et les degres auxquels elles
permettent de detecter et traiter l'hypertension.
Nous avons choisi au hasard un echantillon
echelonne de 2737 personnes que nous avons
examinees et interviewees jusqu'a trois reprises.
Les taux de prevalence et de maitrise de lthyper-
tension ont ete calcules a partir de donnees
recueillies a l'occasion d'une, de deux et de trois
visites. Lorsque le diagnostic etait fonde sur des
donnees recueillies 'a l'occasion d'une visite
plutot que de trois, la prevalence de l'hyperten-
sion etait surestimee de 30%, les taux respectifs
etant de 149 et 115/1000. La prevalence de lthy-
pertension non detectee a ete surestimee de
350%, les taux etant de 27 et de 6/1000. La
proportion des sujets dont lthypertension etait
maitrisee a ete sous-estimee de 23%, c'est-a-dire
a 56% par comparaison a 73%. Ces resultats
confirment que les tests de surveillance sont
necessaires a la lutte contre lthypertension dans
la communaute.

he efficacy of the treatment of patients with
elevated blood pressure has been well es-
tablished in randomized clinical trials.1-5

However, there continues to be substantial debate
about the diagnostic criteria that should be used to
determine which people should be treated with
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antihypertensive drug therapy. In 1976 the Ontario
Council of Health suggested that treatment should
be based on demonstration of sustained elevation
of diastolic blood pressure since entry criteria
based on sustained diastolic elevation had been
used in all efficacy trials.6 The council recommend-
ed treatment of all people with sustained diastolic
pressure over 104 mm Hg and all people with
sustained diastolic pressure between 90 and 104
mm Hg if they had signs of target organ damage.
Finally, it was recommended that clinical judge-
ment be used to decide about treatment for people
with blood pressure levels not corresponding to
these limits. The Canadian Hypertension Society's
consensus conference on the management of mild
hypertension recommended in 1984 that the treat-
ment level be reduced to 100 mm Hg.7 Similar
recommendations based on somewhat lower dia-
stolic pressures have been made in the United
States.8

Currently there is considerable interest in
developing and implementing community-based
programs to increase hypertension control in Can-
ada. Before a new intervention program is de-
signed, it is important to determine how physicians
in the target community are doing in detecting and
controlling hypertension. The most common meth-
od of evaluating hypertension prevalence and
control is a cross-sectional survey in which blood
pressure measurements are obtained at only one
visit. However, most clinicians diagnose hyperten-
sion on the basis of a series of blood pressure
readings taken over several visits. Hence, evalua-
tions based on one visit could produce a biased
view of the success of community physicians in
detecting and treating hypertension. It is well
accepted that the prevalence of hypertension de-
creases with repeat visits. For example, in the
Australian Therapeutic Trial in Mild Hypertension
37% of people who initially met a screening
criterion of diastolic blood pressure over 95 mm
Hg were found to have a diastolic pressure of 95
mm Hg or less 2 weeks later.3 It has been
suggested that this is due to a combination of two
factors: regression to the mean9'10 and patient
familiarity with the diagnostic process, although
recent evidence does not support the second fac-
tor.I0

The purpose of this report is to describe the
effect of follow-up visits on estimates of hyperten-
sion prevalence and control.

Methods

We conducted a community-based hyperten-
sion control survey from September 1981 to Octo-
ber 1982 in Middlesex County, Ontario. The target
population was all noninstitutionalized people
over the age of 18 years. Details of the survey
methods have previously been published.1' Briefly,
we selected a three-stage stratified probability
sample such that all people in each of our six strata

had the same probability of being selected for
inclusion in the sample. In total, 1500 households
were selected, and 3067 people were eligible for
interview.

The interview was conducted in the home at a
time convenient to the respondent. It consisted of
administration of a questionnaire (which took 10 to
15 minutes), followed by three blood pressure
measurements with an updated version of the
Hawksley random zero sphygmomanometer." All
the interviewers were trained and tested in blood
pressure measurement technique to ensure stan-
dardization of measurement.'3 Fifth-phase diastolic
pressure was used. When fifth-phase pressure was
not detected, fourth-phase pressure was recorded
and a special notation made. All blood pressure
measurements were taken on the right arm, with
the subject sitting quietly and not smoking. One of
three different-sized cuffs was selected, depending
on arm circumference.

Subjects whose minimum diastolic blood pres-
sure exceeded 89 mm Hg at the initial interview
had a second visit about 1 week later, and the
series of blood pressure measurements was repeat-
ed. If their minimum diastolic blood pressure was
above 89 mm Hg at this visit, a third visit was
carried out about 1 week later. At both follow-up
visits subjects were asked whether they had begun
or changed any antihypertensive treatment.

Subjects were considered to be hypertensive if
they either had a minimum diastolic blood pres-
sure of over 89 mm Hg at the third visit or stated
that they were receiving treatment for hyperten-
sion, regardless of their blood pressure. Treatment
could consist of either drug or nondrug therapy
(e.g., low-salt diet, or weight or stress reduction).

Minimum blood pressure was used as the
basis for the diagnostic criteria since it has been
shown to be similar to mean blood pressure in its
diagnostic properties'4 and is easy to use in clinical
practice.

The identified hypertensive subjects were clas-
sified into four groups on the basis of previous
detection and treatment status. The "undetected"
group comprised people with elevated blood pres-
sure at the third visit who denied having been
informed that their blood pressure had been ele-
vated in the past. The "untreated" group com-
prised people with elevated blood pressure at the
third visit who were aware of their condition but
did not report receiving any treatment. The "un-
controlled" group comprised people who were
receiving treatment but whose three diastolic blood
pressure readings at the initial visit all exceeded 89
mm Hg. The "controlled" group comprised people
receiving treatment who had at least one diastolic
blood pressure reading under 90 mm Hg at the
initial visit.

We calculated separate estimates of prevalence
and control rates from data from one, two and
three visits. Treatment and control were defined
from data collected at the first visit in all three
cases. Thus, a person who at the initial interview
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reported receiving treatment and whose diastolic
blood pressure was 96 mm Hg at that interview
and 88 mm Hg at the second would be classified as
"uncontrolled" for all three analyses. Estimates of
prevalence and control were calculated with for-
mulas adopted from standard sampling theory."5
Point estimates were adjusted to reflect the sample
selection process. The standard error of ratio esti-
mates was obtained by means of a Taylor series
expansion. All calculations were done with the
computer package SUPER CARP.16 When appro-
priate, raw data are presented to document sample
size. However, since all rates and proportions were
calculated with adjustment as described here, they
would not necessarily match the simple rates that
could be calculated directly from the raw data.

Results

Of the 3067 people eligible for interview 2737
completed the initial interview, a response rate of
89.2%. Of the 181 subjects eligible for the first
follow-up visit 10 refused, and of the 75 eligible
for the second follow-up visit 4 refused; the overall
response rate for the two follow-up visits was
94.6%. Of the 14 people who refused follow-up 8
were known to be hypertensive and to be receiving
treatment and were thus classifiable in all the
analyses. This gave a classification rate for the
follow-up visits of 97.7%. The sample was 46.3%

male and predominantly white (Table I).
Six subjects had a change in their treatment

status between the initial visit and the first follow-
up visit, and seven others had a change between
the first and second follow-up visits. Of these 13
subjects 8 were already receiving therapy, and 3
had previously been treated and had diastolic
blood pressure readings around 100 mm Hg. One
subject with undetected hypertension whose initial
diastolic blood pressure was 100 mm Hg was
started on treatment after the initial visit. The
remaining subject had previously received treat-
ment and had a diastolic blood pressure of around
90 mm Hg at both the initial visit and the first
follow-up visit. Thus, changes in treatment be-
tween visits affected the classification of only five
subjects (0.2% of the sample), and in only two
cases did the change occur in subjects whose
hypertension status was doubtful.

The prevalence rate of hypertension deter-
mined only on the basis of information obtained at
the initial visit was 149/1000 (Table II, Fig. 1).
With data from two visits the rate was 122/1000,
and with data from three visits it was 115/1000.
The standard error of each of these estimates was
approximately 7/1000. Overall, the prevalence of
hypertension was overestimated by 30% when the
diagnosis was based on only one visit.

The prevalence rates of undetected hyperten-
sion were 27/1000 when the diagnosis was based
on only one visit, 9/1000 with data from two visits
and 6/1000 with data from three visits (Table II,
Fig. 1). Thus, the prevalence of undetected hyper-
tension was overestimated by 350% when the
diagnosis was based on only one visit. A similar
pattern was seen for the prevalence of untreated
hypertension: the rates were 21/1000 with data
from one visit and 7/1000 with data from three
visits, an overestimate of 300%. The prevalence of
treated hypertension (either controlled or uncon-
trolled) was not altered by the number of visits
since this diagnosis was establish-ed by self-report-
ed information provided at the first visit.

The proportions of hypertensive subjects clas-
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sified into each of the four categories (undetected,
untreated, uncontrolled and controlled) were also
estimated. With data from the initial visit, 18% of
the subjects were classified into the undetected
group (Table II, Fig. 1). The proportions were 8%
after two visits and 5% after three visits. The
proportion of untreated hypertensive subjects de-
creased from 14% to 5% with data from three
visits. There was a slight rise in the proportion of
subjects with uncontrolled hypertension, from 13%
to 17%. The proportion of subjects with controlled
hypertension rose from 56% to 72%.

In these analyses a diastolic blood pressure of
90 mm Hg was used to diagnose hypertension.
The effect of follow-up visits on prevalence rates
when levels of 95 and 100 mm Hg were used as
the diagnostic criteria was similar to that found
with the criterion of 90 mm Hg (Table III). The
effect of follow-up visits was less marked owing to
the lower prevalence of untreated hypertension.

Discussion

Our results show the biases that may be

1 2 3
visit visits visits

Fig. 1 - Proportions of hypertensive subjects in four
treatment categories based on data from one, two or
three visits. Black area = undetected; hatched area =

detected but untreated; lined area = treated but
uncontrolled; white area = treated and controlled.
Diameter of charts is proportional to prevalence of
hypertension.

introduced if a clinically credible diagnosis based
on sustained elevation of blood pressure is not
used in a project to evaluate hypertension control.
As in other studies,3 9 '7 the prevalence of hyperten-
sion was overestimated (by 30%). The prevalence
rates of undetected and untreated hypertension
were more markedly overestimated, by around
300%. There was also a marked bias in estimates
of the proportions of hypertensive subjects in each
treatment category. Nearly 80% of the subjects
classified into the undetected group at the initial
visit were reclassified as normotensive after follow-
up visits. These biases could affect the design of
new blood pressure control programs: the results
from the initial visit suggest that physicians in
Middlesex County are failing to identify and treat a
large proportion of the hypertensive people in the
community and that a new community-based
screening program might be useful. However, the
data from all three visits show that, overall,
hypertension control is good, but problems with
starting optimal treatment and patient compliance
may hinder even better hypertension control.

The changes in treatment status in our study
are what would be expected from theoretical con-
siderations. The initial visit allows all hypertensive
people receiving treatment to be identified and
classified as having controlled or uncontrolled
hypertension. However, the number of people
with undetected or untreated hypertension de-
clines with follow-up since some of them are
reclassified as normotensive owing to regression to
the mean910 or increased patient familiarity with
the diagnostic process. Hence, the denominator for
all four proportions decreases, and the numerator
for the rates of undetected and untreated hyperten-
sion greatly declines, so that these rates decrease.
In contrast, the numerator for the rates of uncon-
trolled and controlled hypertension are unchanged,
so that these rates increase.

The follow-up strategy that we used allowed
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identification of false-positive results (i.e., incorrect
identification of people as hypertensive). There is
also a potential problem with false-negative results
(as when people are hypertensive but are not
so diagnosed by the study). Since self-reporting of
hypertension treatment has been shown to be
highly accurate,17'18 the main potential source of
false-negative results was people whose diastolic
blood pressure was below 90 mm Hg at the first
visit but may have been higher at subsequent
visits. This rate cannot be directly estimated from
our survey since the relevant group was not
revisited. However, we have clinical and research
evidence that the problem of false-negative results
was likely not large.

Clinically, people are treated for hypertension
if they have sustained elevation of blood pressure.
If the diastolic blood pressure is under 90 mm Hg
at the first visit, it is highly unlikely that subse-
quent blood pressure readings would lead to initia-
tion of treatment. Furthermore, most clinicians are
unlikely to repeat the blood pressure measurement
in such people. Such patients may receive closer
follow-up in subsequent years and may be candi-
dates for programs to prevent the development of
sustained elevation of diastolic blood pressure.

Research evidence also suggests that blood
pressure is much more likely to be lower than to be
higher at follow-up visits.19'20 We examined our
data to determine the probability that blood pres-
sure would be higher at follow-up visits in people
with initial diastolic levels of 90 to 95, 96 to 100
and 101 to 105 mm Hg. In all cases only about 5%
of the group moved into a higher category. Extrap-
olating this figure to the group whose initial
diastolic blood pressure was 85 to 89 mm Hg, we
estimate that the number of hypertensive subjects
would be increased by about 10 (3%). Since some
of these subjects would be receiving treatment and
hence would already be included in the hyperten-
sive group, the effect on prevalence and control
rates would be small.

Some concern was raised by reviewers of an
earlier version of our paper that the definition of
controlled hypertension was based on the results
of only one visit even though subjects with uncon-
trolled hypertension (initial diastolic blood pres-
sure over 89 mm Hg) received follow-up visits.
This group was followed to simplify project admin-
istration and for other analyses. This follow-up
information could have been incorporated into the
definition of control; the effect would have been a
decrease in the prevalence of uncontrolled hyper-
tension and an increase in the proportion of
subjects with controlled hypertension. However,
we believe that the approach we adopted is clini-
cally relevant since blood pressure should be
controlled at all visits.

How many visits should be used in communi-
ty blood pressure surveys? This issue has been
addressed in a number of theoretical papers19'20
and by consideration of empirical evidence. Most
groups agree that it is more important to obtain

readings from several visits than to increase the
number of readings at each visit. After reviewing
all the available evidence the consensus conference
on the management of mild hypertension recom-
mended at least four visits over at least 6 months
for use in clinical practice.7 While such a long
follow-up interval is appropriate for the clinical
decision process, it is not practical for community
surveys. Extrapolation of our data suggests that
estimates based on three visits over 3 weeks would
be somewhat biased compared with results ob-
tained according to the recommended clinical stan-
dard but that the bias would be small.

We have concentrated in this paper on esti-
mates of prevalence and control rates based on a
diagnostic diastolic blood pressure of 90 mm Hg,
but we have presented estimates based on levels of
95 and 100 mm Hg. There is a problem in
interpreting data based on diastolic levels above 94
mm Hg since we could not obtain blood pressure
readings without treatment for people already
receiving antihypertensive treatment. Data from a
random survey of physicians in the target area
indicated that most would begin some form of
treatment (either drug or nondrug) if the diastolic
blood pressure were consistently between 95 and
99 mm Hg, and many would begin treatment if the
pressure were between 90 and 94 mm Hg.21 Hence,
if a diagnostic level of 95 or 100 mm Hg were
used, a large but unknown proportion of people
would be classified as hypertensive because they
were receiving treatment, but they would have
blood pressure readings without treatment that
would not meet the diagnostic criterion. This
would tend to overestimate the prevalence of
hypertension and underestimate the pr6portion of
people with undetected hypertension. Therefore,
the data on the effect of follow-up visits on
estimates for diagnostic levels of 95 and 100 mm
Hg should be interpreted with caution.

Do our results suggest that there is no role for
blood pressure surveys in which measurements are
obtained at only one visit? In our opinion such an
interpretation is unwarranted. Single-visit blood
pressure readings have been shown to be a good
indicator of the risk of cardiovascular disease and
stroke.22 If the goal of a survey is to establish a
community risk profile, single-visit blood pressure
surveys are appropriate. However, in light of the
large biases we have identified, evaluations based
on single visits would be inappropriate for surveys
to identify people who would benefit from antihy-
pertensive treatment and to evaluate the success of
physicians in detecting and treating hypertension.
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